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BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION: 

The present invention relates to a semiconductor 
5 device including a capacitor having a dielectric film 
formed of a dielectric material having a high dielectric 
constant or a ferroelectric material, and a method for 
fabricating the same. 

10 2. DESCRIPTION OF THE RELATED ART: 

Recently, as functions of consumer electric and 
electronic appliances have been more and more advanced 
along with higher processing rates and lower power con- 
iy sumption of microcomputers, the size of semiconductor 

15 devices used in the microcomputers has rapidly decreased • 
This has been accompanied by the serious problem of 
unnecessary radiation, which is electromagnetic wave 
noise generated from the electric and electronic appli- 
ances • 
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In order to reduce the unnecessary radiation, 
technologies for incorporating a capacitor having a large 
capacitance including a dielectric film formed of a 

dielectric material having a high dielectric constant 

25 (hereinafter, referred to as a "high dielectric constant 

material film" ) into a semiconductor device have been the 
target of attention. Furthermore,* in accompaniment of 
higher integration dynamic RAMs (DRAMs), technologies for 
using a high dielectric constant material film in the 
30 capacitor, in lieu of a silicon oxide film and a silicon 
nitride film which are conventionally used, have been 
widely studied. 
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Furthermore, in order to realize non-volatile 
RAMs which are operable at lower voltages and provide 
higher read/write rates, ferroelectric material films 
exhibiting spontaneous polarization have been actively 
5 studied. 

The most important point in realizing semiconduc- 
tor devices having the above-described features is to 
develop a structure which permits multi-layered intercon- 
10 nects without deteriorating the characteristics of the 
capacitor and a method for fabricating such a structure. 

Hereinafter, an exemplary conventional method for 
fabricating a semiconductor device 500 wTlT'^'be described 
15 with reference to Figures lOA through lOE (cross-section- 
al views ) • 

As shown in Figure lOA, an integrated circuit 4 
and a device isolating insulating layer 5 are formed on 

20 a supporting substrate 1. The integrated circuit 4 
includes a MOS field effect transistor (MOSFET) having a 
gate electrode 2, and source and drain regions 3. An 
insulating layer 6 is formed on the resultant laminate. 
A film which will act as a lower electrode 7 of a capaci- 

25 tor 10 is formed on the insulating layer 6 by sputtering 
or electron beam deposition. Then, a dielectric film 8 
made of a high dielectric constant material film or a 
ferroelectric material film is formed on the film to act 
as the lower electrode 7 by metal organic deposition, 

30 metal organic chemical vapor deposition, or sputtering. 

Subsequently, a film which will act as an upper electrode 
9 is formed on the dielectric film 8 by sputtering or 
electron beam deposition. Then, the layers 7, 8 and 9 
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are patterned into desirable patterns, thereby forming a 
capacitor 10. 

Next, as shown in Figure lOB, a first interlayer 
5 insulating film 11 is formed on the insulating layer 6 so 

as to cover the capacitor 10. Contact holes 12 are formed 
so as to run through the first interlayer insulating film 
11 and reach, respectively, the lower electrode 7 and the 
upper electrode 9 of the capacitor 10. Contact holes 13 

10 are also formed so as to run through the first interlayer 
insulating film 11 and the insulating layer 5 and reach, 
respectively, the source and drain regions 3. Conductive 
layers are formed on the first interlayer insulating film 
11 and in the contact holes 12 and 13 by sputtering or 

15 the like, and patterned into desired patterns. Thus, 
first interconnects 14 for electrically connecting the 
integrated circuit 4 and the capacitor 10 are formed. 
The first interconnects 14 are then subjected to a 
thermal treatment . 

20 

As shown in Figure lOC, a second interlayer 
insulating film 15 are formed on the resultant laminate 
so as to cover the first interconnects 14. The second 
interlayer insulating film 15 is formed by substantially 
25 planarizing, by etch-back, a silicon oxide film formed by 
plasma CVD using tetraethyl orthosilicate ( TEOS ) (herein- 
after, referred to as a "plasma TEOS film" ) or a laminate 
including the above-described plasma TEOS film and a 
silicon-on-glass (SOG) film. 

30 

As shown in Figure lOD, contact holes 16 are 
formed so as to run through the second interlayer insu- 
lating film 15 and reach the first interconnects 14. 
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Second interconnects 17 are selectively formed on the 
second interlayer insulating film 15 and in the contact 
holes 16 so as to be electrically connected to the first 
interconnects 14. The second interconnects 17 are then 
5 subjected to a thermal treatment. 

As shown in Figure lOE, a passivation layer 18 is 
formed so as to cover the second interconnects 17 on the 
resultant laminate. Thus, the semiconductor device 500 
10 is fabricated. 

In the above-described method for fabricating the 
semiconductor device 500, the second interlayer insulat- 
ing film 15 needs to be formed so as to have no step and 

15 a flat top surface and thus have a sufficient step 
coverage property. The reason for this is that, when the 
second interlayer insulating film 15 has a step, the 
second interconnects 17 to be formed thereon may disad- 
vantageously be disconnected at the step. Accordingly, 

20 the conventional second interlayer insulating film 15 
formed of a plasma TEOS film or the like needs to have a 
thickness h^^ (Figure IOC) of about 1 pm or more on the 
first interconnects 14 above the upper electrode 9 and 
also have a thickness hz (Figure IOC) of about 2 pm or 

25 more on the first interlayer insulating film 11 on an 
edge of the dielectric film 8 formed of a high dielectric 
constant material film or a ferroelectric material film. 

Generally, however, when the force per unit 
30 thickness is constant, a thicker layer results in a 
stronger tensile or compressive stress. Thus, when the 
thickness of the second interlayer insulating film 15 is 
as thick as above-described, a significantly strong 
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stress is applied to the capacitor 10 provided below the 
second interlayer insulating film 15. 

Specifically when the second interlayer insulat- 
5 ing film 15 is formed of a plasma TEOS film, the compres- 
sive stress acting on the dielectric film 8 prevents the 
polarization of the dielectric material forming the 
dielectric film 8, As a result, the physical properties 
of the dielectric film 8 formed of the high dielectric 
10 constant material or ferroelectric material deteriorate. 

As used herein, the term "stress" refers to a 
force for contracting the layer (hereinafter, referred to 
as a "tensile stress" ) and/or a force for expanding the 
15 layer (hereinafter, referred to as a "compressive 
stress" ) . 

SUMMARY OF THE INVENTION 

20 A semiconductor device of the present invention 

includes: a capacitor provided on a supporting substrate 
having an integrated circuit thereon and including a 
lower electrode, a dielectric film, and an upper elec- 
trode; a first interlayer insulating film provided so as 

25 to cover the capacitor; a first interconnect selectively 
provided on the first interlayer insulating film and 
electrically connected to the integrated circuit and the 
capacitor through a first contact hole formed in the 
first interlayer insulating film; a second interlayer 

30 insulating film formed of ozone TEOS and provided so as 
to cover the first interconnect; a second interconnect 
selectively provided on the second interlayer insulating 
film and electrically connected to the first interconnect 
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through a second contact hole formed in the second 
interlayer insulating film; and a passivation layer 
provided so as to cover the second interconnect . 



5 In one embodiment, the dielectric film is formed 

from either a dielectric material having a high dielec- 
tric constant or a ferroelectric material. 

In one embodiment, the second interconnect is 
10 provided on the second interlayer insulating film so as 
to cover at least a part of the capacitor. 

The passivation layer may be formed of a laminate 
including a silicon oxide film and a silicon nitride 
15 film. 

In one embodiment, a hydrogen supplying layer is 
further provided between the first interconnect and the 
second interlayer insulating film excluding an area in 
20 which the capacitor is provided. 

The first interconnect may be formed from a 
laminate including titanium, titanium nitride, aluminum 
and titanium nitride; a laminate including titanium, 
25 titanium nitride and aluminum; a laminate including 

titanium, titanium tungsten, aluminum and titanium 
tungsten; or a laminate including titanium, titanium 
tungsten and aluminum. 



30 



Preferably, a Si-OH bond absorption coefficient 
of the second interlayer insulating film at a wavelength 
corresponding to 3450 cm"^ is 800 cm"^ or less. 
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Preferably, the second interlayer insulating film 
has a tensile stress of 1 x 10"^ dyn/cm^ to 3 x 10^ dyn/cm^ 
inclusive. 



5 Preferably, the second interlayer insulating film 

has a thickness of 0.3 ^m to 1 pm inclusive. 

The second interconnect may be formed from a 
laminate including titanium, aluminum and titanium 
10 nitride; a laminate including titanium and aluminum; or 
a laminate including titanium, aluminum and titanium 
tungsten. 



A method for fabricating a semiconductor device 

15 of the present invention includes the steps of: sequen- 
tially forming a lower electrode, a dielectric film, and 
an upper electrode on a supporting substrate having an 
integrated circuit, thereby forming a capacitor; forming 
a first interlayer insulating film so as to cover the 

20 capacitor; forming a first contact hole in the first 

interlayer insulating film; selectively forming a first 
interconnect in the first contact hole and on a pre- 
scribed area of the first interlayer insulating film so 
as to be electrically connected to the integrated circuit 

25 and the capacitor; forming a second interlayer insulating 
film of ozone TEGS so as to cover the first interconnect; 
subjecting the second interconnect to a first thermal 
treatment; forming a second contact hole in the second 
interlayer insulating film; selectively forming a second 

30 interconnect in the second contact hole and on a pre- 
scribed area of the second interlayer insulating film so 
as to be electrically connected to the first intercon- 
nect; subjecting the second interconnect to a second 
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thermal treatment; and forming a passivation layer so as 
to cover the second interconnect. 

In one embodiment, the dielectric film is formed 
5 from either a dielectric material having a high dielec- 
tric constant or a ferroelectric material . 

In one embodiment, the method further includes 
the step of etching back the second interlayer insulating 
10 film using the second interconnect as a mask to such an 
extent as to almost expose the first interconnect. 

In one embodiment, the step of forming the second 
interconnect includes the step of forming the second 
15 interconnect so as to cover at least a part of the 
capacitor. 

In one embodiment, the passivation layer is 
formed of a laminate including a silicon oxide film and 
20 a silicon nitride film, and the silicon oxide film is 
formed by normal -pressure CVD, low-pressure CVD or plasma 
CVD, with using silane, disilane or ozone TEGS, so as to 
have a tensile stress. 

25 In one embodiment, the method further includes 

the steps of: after the first interconnect is formed, 
forming a hydrogen supplying layer on the first intercon- 
nect excluding an area where the capacitor is provided; 
and performing a third thermal treatment. 

30 

The hydrogen supplying layer may be formed from 
either silicon nitride or silicon nitride oxide by plasma 
CVD. 
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Preferably, the third treatment performed after 
the formation of hydrogen supplying layer is performed at 
a temperature in the range of 300 °C to 450 ''C inclusive. 

5 Preferably, the third treatment performed after 

the formation of the hydrogen supplying layer is per- 
formed in an oxygen atmosphere, a nitrogen atmosphere, an 
argon atmosphere, or an atmosphere of a mixed gas there- 
of. 

10 

The first interlayer insulating film may be 
formed of silicon oxide by normal-pressure CVD or low- 
pressure CVD, with using silane, disilane or ozone TEGS. 

15 The first interlayer insulating film may be 

formed of phosphorus-doped silicon oxide by normal- 
pressure CVD or low-pressure CVD. 

Preferably, an ozone concentration upon forming 
20 the second interlayer insulating film using ozone TEDS is 
set to be 5.5% or more. 

Preferably, the second interlayer insulating film 
after being subjected with the first thermal treatment 
25 has a tensile stress of 1 x 10"^ dyn/cm^ to 2 x 10^ dyn/cm^ 
inclusive. 

Preferably, the first thermal treatment is 
performed at a temperature in the range of 300 °C to 450 °C 
30 inclusive. 

Preferably, the first thermal treatment is 
performed in an atmosphere containing at least oxygen. 
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Preferably, the second thermal treatment is 
performed at a temperature in the range of 300 "C to 450 °C 
inclusive. 

Preferably, the second thermal treatment is 
performed in an atmosphere containing at least one of 
nitrogen, argon and helium. 

According to the present invention, the second 
interlayer insulating film is formed of an ozone TEOS 
film, which performs self -ref low when being formed. 
Therefore, sufficient step coverage is obtained as a 
result of sufficient planarization of a top surface of 
the second interlayer insulating film without increasing 
the thickness of an area of the second interlayer insu- 
lating film above a capacitor (i.e., without generating 
any step). Specifically, the thickness of the second 
interlayer insulating film is about 1 pm or less. Since 
the second interlayer insulating film to be formed is 
thin, the stress acting on the capacitor is alleviated. 

Since the ozone TEOS film has a tensile stress, 
the deterioration in the characteristics of the capacitor 
caused by the stress is suppressed. 

When the second interconnect is formed on the 
second interlayer insulating film so as to cover at least 
a part of the capacitor, the stress acting on the capaci- 
tor by the passivation layer is counteracted by the 
stress in the second interconnect provided on the capaci- 
tor. Accordingly, the stress acting on the capacitor is 
alleviated. 



m 



P15260 

- 11 - 

When the passivation layer is formed of a lami- 
nate including a silicon oxide film and a silicon nitride 
film, the silicon oxide film is a tensile stress. Thus, 
by forming a silicon nitride film having a large compres- 
5 sive stress by plasma CVD on the passivation layer, the 
stress in the passivation layer is counteracted. As a 
result, the stress acting on the capacitor is alleviated. 

When a hydrogen supplying layer is provided, the 
10 hydrogen in the hydrogen supplying layer is thermally 
diffused to a supporting substrate having a semiconductor 
integrated circuit formed thereon by annealing the 
hydrogen supplying layer. Thus, the supporting substrate 
recovers from the damage caused during fabrication of the 
15 integrated circuit. The hydrogen supplying layer can be 
formed of a silicon nitride or a silicon nitride oxide 
containing a sufficient amount of hydrogen therein. By 
performing the above-mentioned annealing (thermal treat- 
ment) in an oxygen atmosphere, a nitrogen atmosphere, an 
20 argon atmosphere or a mixture of the above gases after 
the hydrogen supplying layer is formed, thermal diffusion 
of hydrogen is performed smoothly. 

When the first interconnect and/or the second 
25 interconnect is formed of the above-mentioned laminate, 
a highly reliable interconnect is obtained without 
causing penetration of the constituent material. 

When the ozone TEGS film forming the second 
30 interlayer insulating film has a Si-OH bond absorption 
coefficient of 800 cm~^ or less at a wavelength corre- 
sponding to 3450 cm"^, the moisture content in the ozone 
TEGS film is at a minimum possible value. Accordingly, 
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moisture which deteriorates the characteristics of the 
capacitor, especially OH radicals and H radicals, is 
restricted from entering the capacitor. 

5 When the ozone TEOS film forming the second 

interlayer insulating film has a tensile stress of 1 x 
10^ dyn/cm^ to 3 x 10^ dyn/cm^ inclusive, adverse effects 
on the capacitor (e.g., undesirable restriction of 
polarization) caused by the stress applied to the capaci- 

10 tor are alleviated. Thus, the characteristics of the 
capacitor are improved. This effect largely relies on 
the fact that the stress is a tensile stress. A capaci- 
tor which is supplied with a tensile stress, e.g., from 
an ozone TEOS film has more preferable characteristics 

15 than a capacitor which is supplied with a compressive 
stress, e.g., from a plasma TEOS film, even when the 
absolute values of the stresses are equal. 

By reducing the thickness of the ozone TEOS film 
20 forming the second interlayer insulating film to a range 

of 0.3 ]XTC[ to 1 ]xm inclusive, the stress in the ozone TEOS 
film is lowered, and the stress acting on the capacitor 
from the ozone TEOS film is also lowered. Accordingly, 
the characteristics of the capacitor are improved. 
25 Furthermore, when the second interlayer insulating film 
is etched back using the second interconnect as a mask, 
the thickness of an area of the second interlayer insu- 
lating film above the capacitor (where the second inter- 
connect is not usually provided) is further reduced 
30 (e.g., to 0.5 pm or less). Thus, the effect of reducing 

the stress and suppressing the deterioration in the 
characteristics are further enhanced. 
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When the ozone concentration upon forming the 
ozone TEOS film as the second interlayer insulating film 
is 5.5% or more, the stress in the ozone TEOS film is 
alleviated. The moisture content in the ozone TEOS film 
5 is also reduced. Moreover, generation of cracks by 
thermal treatment is prevented. Accordingly, the charac- 
teristics of the capacitor are further improved. 

When the first interlayer insulating film is 
10 formed of a silicon oxide film by normal-pressure CVD or 
low-pressure CVD using silane, disilane or ozone TEOS, or 
formed of a phosphorus-doped silicon oxide film by 
normal-pressure CVD or low-pressure CVD, the resultant 
layer is reliable. 

15 

When the temperature for the thermal treatment 
(first thermal treatment) performed on the second interl- 
ayer insulating film (the ozone TEOS film) is in the 
range of 300 °C to 450 °C inclusive, the ozone TEOS film 
20 becomes dense. When the above-described thermal treat- 
ment is performed in an atmosphere containing oxygen, 
oxygen, is supplied to the dielectric film. Thus, the 
characteristics of the capacitor are improved. 

25 When the thermal treatment on the second inter- 

connect (i.e., the second thermal treatment) is performed 
under the above-described conditions, the second inter- 
connect becomes dense, and the stress acting on the 
capacitor is lowered. 

30 

Thus, the invention described herein makes 
possible the advantages of providing a semiconductor 
device having a structure for allowing a capacitor 
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thereof to have superior characteristics as a result of 
suppressing deterioration in the characteristics caused 
by a stress applied on the capacitor, and a method for 
fabricating such a semiconductor device • 

5 

These and other advantages of the present inven- 
tion will become apparent to those skilled in the art 
upon reading and understanding the following detailed 
description with reference to the accompanying figures. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figures lA through IE are cross-sectional views 
illustrating a method for producing a semiconductor 
15 device according to a first example of the present inven- 

tion; 

Figure 2 is a cross-sectional view of a semicon- 
ductor device in a modification of the first example 
20 according to the present inventions- 

Figure 3 is a graph illustrating characteristics 
of a capacitor in the semiconductor device in the first 
example; 

25 

Figures 4A through 4E are cross-sectional views 
illustrating a method for producing a semiconductor 
device according to a second example of the present 
invention; 

30 

Figure 5 is a graph illustrating characteristics 
of a capacitor in the semiconductor device in the second 
example; 
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Figures 6A through 6E are cross-sectional views 
illustrating a method for producing a semiconductor 
device according to a third example of the present 
invention; 

5 

Figure 7 is a graph illustrating characteristics 
of a capacitor in the semiconductor device in the third 
example; 

10 Figure 8A is a partial plan view of the semicon- 

ductor device according to the third example of the 
present invention; 

Figures 8B and 8C are modified plan views of 
15 semiconductor devices of the third example; 

Figure 9 is a graph illustrating characteristics 
of a capacitor in the semiconductor device in the third 
example; 

20 

Figures lOA through lOE are cross-sectional views 
illustrating a conventional method for producing a 
semiconductor device ; 

25 Figure llA is a schematic cross-sectional view of 

a silicon oxide film formed by conventional plasma CVD so 
as to cover a wiring pattern provided on a substrate 
surface; and 

30 Figure llB is a schematic cross-sectional view of 

a silicon oxide film formed by thermal CVD performed in 
an atmosphere containing ozone so as to cover a wiring 
pattern provided on a substrate surface. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention will be described by way of 
illustrative but not limiting examples with reference to 
the accompanying drawings. Identical or similar elements 
described with reference to Figures lOA through lOE will 
bear identical reference numerals therewith and detailed 
descriptions thereof will be omitted. 

( Example 1 ) 

Figures lA through IE are cross- sectional views 
illustrating a method for fabricating a semiconductor 
device 100 according to a first example of the present 
invention. 

As shown in Figure lA, an integrated circuit 4 
and a device isolating insulating layer 5 are formed on 
a supporting substrate 1 formed of silicon or the like. 
The integrated circuit 4 includes a MOSFET having a gate 
electrode 2, and source and drain regions 3. An insulat- 
ing layer 6 is formed on the resultant laminate. A film 
which will act as a lower electrode 7 of a capacitor 10 
is formed on the insulating layer 6 by sputtering or 
electron beam deposition. Then, a dielectric film 8 made 
of a high dielectric constant material film or a 
ferroelectric material film is formed on the film to act 
as the lower electrode 7 by metal organic deposition, 
metal organic chemical vapor deposition, or sputtering. 
Subsequently, a film which will act as an upper electrode 
9 is formed on the dielectric film 8 by sputtering or 
electron beam deposition. Then, the layers 7, 8 and 9 
are patterned into desirable patterns, thereby forming a 
capacitor 10. 
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The formation of the insulating layer 6 can be 
omitted, in which case the capacitor 10 is formed direct- 
ly on the device isolating insulating layer 5* This is 
also applicable to examples described below. 

5 

The lower electrode 7 and the upper electrode 9 
of the capacitor 10 can be formed of, for example, 
platinum, palladium, ruthenium, ruthenium oxide, iridium, 
or iridium oxide. In the case where the dielectric film 

10 8 is formed of a high dielectric constant material, a 
material having a specific dielectric constant of 20 to 
500 inclusive can be used. Alternatively, in the case 
where the dielectric film 8 is formed of a ferroelectric 
material, a material having remnant polarization without 

15 any need of application of an external voltage can be 
used. Examples of the high dielectric constant materials 
and ferroelectric materials usable for the dielectric 
film 8 include Bai.^Sr^Ti03, SrTiOg, Ta205, PbZri_^Ti^03, 
SrBi2Ta209, and SrBi2Ta^Nbi_^09 . 

20 

Next, as shown in Figure IB, a first interlayer 
insulating film 111 is formed on the insulating layer 6 
so as to cover the capacitor 10. The first interlayer 
insulating film 111 is formed of a silicon oxide film, 

25 which is produced by thermal CVD using, as a material 
gas, gas-state TEGS in a normal-pressure atmosphere 
containing ozone (hereinafter, such a silicon oxide film 
will be referred to as an "ozone TEGS film"). Contact 
holes 12 are formed so as to run through the first 

30 interlayer insulating film 111 and reach, respectively, 
the lower electrode 7 and the upper electrode 9 of the 
capacitor 10. Contact holes 13 are also formed so as to 
run through the first interlayer insulating film 111 and 
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the insulating layer 6 and reach, respectively, the 
source and drain regions 3. A laminate including titani- 
um, titanium nitride, aluminum and titanium nitride is 
formed on the first interlayer insulating film 111 and in 
5 the contact holes 12 and 13 by sputtering or the like, 
and then patterned into desired patterns. Thus, first 
interconnects 14 for electrically connecting the inte- 
grated circuit 4 and the capacitor 10 are formed. 

10 As shown in Figure IC, a hydrogen supplying layer 

19 for supplying the integrated circuit with hydrogen is 
formed on the first interlayer insulating film 111 having 
the first interconnects 14, excluding an area where the 
capacitor 10 is provided, by plasma CVD. Then, the 

15 resultant laminate is annealed at about 450 °C for about 
an hour in an oxygen atmosphere in order to thermally 
diffuse hydrogen in the hydrogen supplying layer 19. The 
hydrogen supplying layer 19 is formed of, for example, 
silicon nitride or silicon nitride oxide and contains a 

20 sufficient amount of hydrogen therein. 

The annealing is performed in order to allow 
hydrogen in the hydrogen supplying layer 19 to reach the 
supporting substrate 1, at a surface of which the inte- 

25 grated circuit 4 is provided, by thermal diffusion. 

Thus, the integrated circuit 4 recovers from the damage 
caused by the dry etching which is performed for forming 
the contact holes 13 during the annealing with oxygen at 
a temperature of 600 °C or higher as is required to form 

30 the dielectric film 8. The annealing temperature can be 
in the range of 300^*0 to 450 inclusive. The annealing 
can be performed in a nitrogen atmosphere, an argon 
atmosphere or a mixed gas atmosphere of oxygen and 
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nitrogen and/or argon in lieu of the oxygen atmosphere. 

Then, a second interlayer insulating film 151 is 
formed of an ozone TEOS film on the resultant^ laminate so 
5 as to cover the first interconnects 14. The ozone TEOS 
film performs self-reflow when being formed, and permits 
formation of the second interlayer insulating film 151 
having no step and a sufficiently flat top surface and 
thus having satisfactory step coverage although still 
10 being sufficiently thin. 

The above point will be described with reference 
to Figures llA and llB. 

15 Figure llA is a schematic cross-sectional view of 

the second interlayer insulating film 15 formed of 
silicon oxide (plasma TEOS) on a substrate surface 51 so 
as to cover wiring patterns 50. The second interlayer 
insulating film 15 is formed by conventional plasma CVD. 

20 Figure llB is a schematic cross-sectional view of the 
second interlayer insulating film 151 formed of silicon 
oxide (ozone TEOS) on the substrate surface 51 so as to 
cover the wiring patterns 50. The second interlayer 
insulating film 151 is formed by thermal CVD performed in 

25 an atmosphere containing ozone in accordance with the 
present invention. In the following description, the 
conventional second interlayer insulating film 15 will 
also be referred to as the plasma TEOS film, and the 
second interlayer insulating film 151 according to the 

30 present invention will also be referred to as the ozone 
TEOS film for easier understanding. 
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By the plasma CVD, solid silicon oxide particles 
are formed in plasma (gas phase), and the solid silicon 
oxide particles adhere to the substrate surface 51 and 
surfaces of the wiring patterns 50. The adhering proba- 
5 bility of the solid silicon oxide particles is uniform 
regardless of the surface to which it adheres. As a 
result, the resultant plasma TEOS film 15 has substan- 
tially the same thickness in areas 52 corresponding to 
the wiring patterns 50 and an area 53 corresponding to a 
10 region between the wiring patterns 50. Accordingly, the 
plasma TEOS film 15 need to be formed to be relatively 
thick in order to have a flat top surface. 

By the thermal CVD performed in an atmosphere 
15 containing ozone, gas-state TEOS as a material gas reacts 
with oxygen on the substrate surface 51 and the surfaces 
of the wiring patterns 50. Thus, silicon oxide is pro- 
duced. The reaction occurs more readily in the area 53 
corresponding to the region between the wiring patterns 
20 50 than in the areas 52 corresponding to the wiring 
patterns 50. Accordingly, the ozone TEOS film 151 is 
first formed so as to bury the area 53 and then gradually 
expand to the areas 52 in a self-reflow. In this manner, 
the ozone TEOS film 151 obtains a flat top surface while 
25 remaining relatively thin. 

For example, the thickness of the second inter 1- 
ayer insulating film 151 made of ozone TEOS which is re- 
quired to form the second interconnect 17 thereon without 
30 any disconnection is h3= about 0.8 \im (Figure IC) on the 
first interconnect 14 above the upper electrode 9 of the 
capacitor 10 and h4= about 0.5 pm (Figure IC) on the first 
interlayer insulating film 111 on the edge of the dielec- 
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trie film 8 formed of a high dielectric constant material 
film or a ferroelectric material film. As can be under- 
stood from this, a sufficient step coverage is achieved 
while significantly reducing the thickness of the second 
5 interlayer insulating film (151), compared to the conven- 
tional technology by which the second interlayer insulat- 
ing film (15) is formed of plasma TEOS* 

The ozone used in the above-described process 
10 permits, as an active element, the reaction for producing 
silicon oxide to occur at a lower temperature. 

After the formation of the second interlayer 
insulating film 151, annealing is performed at about 
15 450 **C for about an hour in an oxygen atmosphere as a 
first thermal treatment, thereby allowing the second 
interlayer insulating film 151 made of an ozone TEOS film 
to become dense and also supplying the capacitor 10 with 
oxygen • 

20 

Then, as shown in Figure ID, contact holes 16 are 
formed so as to run through the second interlayer insu- 
lating film 151 and reach the first interconnects 14. A 
laminate including titanium, aluminum and titanium 

25 nitride is formed on the second interlayer insulating 
film 151 and in the contact holes 16 by sputtering or the 
like and patterned into a desired pattern. Thus, the 
second interconnects 17 electrically connected to the 
first interconnects 14 are formed. Then, annealing is 

30 performed at about 400*='C for about 30 minutes in a 
nitrogen atmosphere as a second thermal treatment, 
thereby making the second interconnects 17 dense and 
alleviating the stress thereof. 
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As shown in Figure IE, a passivation layer 18 is 
formed of silicon nitride on the resultant laminate by- 
plasma CVD, so as to cover the second interconnects 17, 
In this manner, the semiconductor device 100 in the first 
5 example is completed. 

According to the structure of the semiconductor 
device 100 using ozone TEOS for forming the second 
interlayer insulating film 151, a sufficient step cover- 
10 age is obtained. This allows a portion of the second 
interlayer insulating film 151 located on the capacitor 
10 to be thinner. Thus, the stress acting on the capaci- 
tor 10 is alleviated, 

15 In the case where the integrated circuit 4 is not 

damaged while being fabricated, the hydrogen supplying 
layer 19 can be eliminated. Figure 2 shows a cross- 
sectional view of a semiconductor device 150 which does 
not include the hydrogen supplying layer 19. The charac- 

20 teristics of the capacitor 10 are identical with those of 
the capacitor 10 shown in Figures lA through IE. 

As described above, the ozone TEOS film 151 is 
formed by thermal CVD, by which silicon oxide is formed 
25 on the substrate by simultaneously supplying TEOS in a 

gas-state and ozone. This method does not require 
excitation of plasma upon the film formation. 

Figure 3 is a graph illustrating the characteris- 
30 tics (remnant polarization and breakdown voltage) of the 
capacitor 10 including a dielectric film 8 formed of 
SrBi2Ta209, in the case where a second interlayer insulat- 
ing film 151 formed of ozone TEOS is used, and in the 
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case where a conventional second interlayer insulating 
film formed of plasma TEOS is used. For measurement, the 
plasma TEOS film is first formed to have a thickness of 
3.4 ]im and then the thickness is reduced to 1.5 pm by 
resist etch-back. The ozone TEOS film in this example is 
formed to have a thickness of 1 pm without using etch- 
back. 

A sample including 110 capacitors connected in 
parallel, each having the above-described structure with 
an electrode area of 23 \im^ is produced for the measure- 
ment. The remnant polarization of the sample is measured 
using RT6000A Ferroelectric Tester. The breakdown 
voltage of the sample is measured using HP4195B. 

The following can be seen from Figure 3. In the 
case where the conventional plasma TEOS film is used, the 
remnant polarization is 3 pC/cm^ and the breakdown voltage 
is 7 V. In the case where the ozone TEOS film in the 
first example is used, the remnant polarization is 
10 pC/cm^ and the breakdown voltage is 30 V. Thus, the 
structure according to the first example of the present 
invention improves the remnant polarization by 7 pC/cm^ 
and the breakdown voltage by 23 V, as compared to the 
conventional structure . 

(Example 2) 

Figures 4A through 4E are cross-sectional views 
illustrating a method for fabricating a semiconductor 
device 200 according to a second example of the present 
invention. The second example is different from the 
first example in that, after the second interlayer 
insulating film 151 is formed, a prescribed part of the 
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second interlayer insulating film 151 is selectively 
etched back using the second interconnects 17 as masks • 

First, the steps shown in Figures 4A through 4C, 
5 which are identical with the steps shown in Figures lA 
through IC, are performed. 

Then, as shown in Figure 4D, contact holes 16 are 
formed so as to run through the second interlayer insu- 

10 lating film 151 and reach the first interconnects 14. A 
laminate including titanium, aluminum and titanium 
nitride is formed on the second interlayer insulating 
film 151 and in the contact holes 16 by sputtering or the 
like, and then patterned into a desired pattern. Thus, 

15 the second interconnects 17 electrically connected to the 
first interconnects 14 are formed. 

The second interlayer insulating film 151 is then 
etched back using the second interconnects 17 as masks to 
20 such an extent as to almost expose the first intercon- 
nects 14. Then, annealing is performed at about 400 °C 
for about 30 minutes in a nitrogen atmosphere as a second 
thermal treatment, thereby making the second intercon- 
nects 17 dense and alleviating the stress thereof. 

25 

As shown in Figure 4E, the passivation layer 18 
is formed of silicon nitride on the resultant laminate by 
plasma CVD, so as to cover the second interconnects 17. 
In this manner, the semiconductor device 200 in the 
30 second example is completed. 

Generally, the second interconnects 17 are not 
provided on an area of the second interlayer insulating 



- 25 - 



P15260 



film 151 which is not located on the capacitor 10* 
According to the structure of the semiconductor device 
200 in which the second interlayer insulating film 151 is 
formed of ozone TEOS and etched back using the second 
5 interconnects 17 as masks, the thickness of a part of the 
second interlayer insulating film 151 located on the 
capacitor 10 is further reduced, compared to the semicon- 
ductor device 100 in the first example. Accordingly, the 
stress acting on the capacitor 10 is further alleviated. 

10 

Figure 5 is a graph illustrating the characteris- 
tics (remnant polarization and breakdown voltage) of the 
capacitor 10 including a dielectric film 8 formed of 
SrBijTajOg in the case where a second interlayer insulat- 

15 ing film 151 formed of ozone TEOS is etched back, and in 

the case where a second interlayer insulating film 151 
formed of ozone TEOS is not etched back. For measure- 
ment, the ozone TEOS film is first formed to have a 
thickness of 1 jam. In the case where the second interl- 

20 ayer insulating film 151 is etched back, the thickness of 

the film 151 is reduced to 0.5 }im. In the case where the 
second interlayer insulating film 151 is not etched back, 
the thickness of the film 151 is maintained 1 pm. The 
methods and conditions for measuring the remnant polar- 

25 ization and breakdown voltage are the same as those in 
the first example. 

The following can be seen from Figure 5. In the 
case where the ozone TEOS film is etched back, the 
30 remnant polarization is 12 pC/cm^ (as opposed to 10 pC/cm^ 
without etch-back) and the breakdown voltage is 40 V (as 
opposed to 30 V without etch-back). Thus, the structure 
according to the second example of the present invention 
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further improves the remnant polarization by 2 pC/cm^ and 
the breakdown voltage by 10 V, as compared to the struc- 
ture according to the first example of the present 
invention. 

(Example 3) 

Figures 6A through 6E are cross-sectional views 
illustrating a method for fabricating a semiconductor 
device 300 according to a third example of the present 
invention. 

The third example is different from the first and 
second examples in that the second interconnects 17 
electrically connected to the first interconnects 14 are 
also provided on a prescribed area of the second interl- 
ayer insulating film 151 which is above the capacitor 10 
so as to cover the capacitor 10. 

First, the steps shown in Figures 6 A through 6C, 
which are identical with the steps shown in Figures lA 
through IC, are performed. 

Then, as shown in Figure 6D, contact holes 16 are 
formed so as to run through the second interlayer insu- 
lating film 151 and reach the first interconnects 14. A 
laminate including titanium, aluminum and titanium 
nitride is formed on the second interlayer insulating 
film 151 and in the contact holes 16 by sputtering or the 
like, and then patterned into a desired pattern. Thus, 
the second interconnects 17 electrically connected to the 
first interconnects 14 are formed. The laminate is 
patterned also to cover the area corresponding to the 
capacitor 10. 
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The second interlayer insulating film 151 may be 
etched back, using the second interconnects 17 as masks, 
to such an extent as to almost expose the first intercon- 
nects 14. The etch-back on this stage can be eliminated, 
5 as seen in Figures 6D and 6E, Then, annealing is per- 
formed at about 400 °C for about 30 minutes in a nitrogen 
atmosphere as a second thermal treatment, thereby making 
the second interconnects 17 dense and alleviating the 
stress thereof. 

10 

Then, as shown in Figure 6E, the passivation 
layer 18 is formed of silicon nitride on the resultant 
laminate by plasma CVD, so as to cover the second inter- 
connects 17, In this manner, the semiconductor device 
15 300 in the third example is completed. 

According to the structure of the semiconductor 
device 300 in which the second interconnects 17 are 
provided on the second interlayer insulating film 151 so 
20 as to cover the capacitor 10, the stress applied to the 
capacitor 10 from the passivation layer 18 is counteract- 
ed by the stress generated by the second interconnect 17 
located above the capacitor 10. As a result, the stress 
acting on the capacitor 10 is sufficiently alleviated. 

25 

Figure 7 is a graph illustrating the characteris- 
tics (remnant polarization and breakdown voltage) of the 
capacitor 10 including a dielectric film 8 formed of 
SrBi2Ta20g, in the case where a second interconnect 17 is 
30 provided above the capacitor 10, and in the case where a 
second interconnect 17 is not provided above the capaci- 
tor 10. For measurement, the second interlayer insulat- 
ing film 151 of ozone TEGS film is formed to have a 
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thickness of 1 pm. The methods and conditions for 
measuring the remnant polarization and breakdown voltage 
are the same as those in the first example. 

5 The following can be seen from Figure 7. In the 

case where the second interconnect 17 is provided above 
the capacitor 10, the remnant polarization is 14 pC/cm^ 
( as opposed to 10 pC/cm^ without the second interconnect 
17 covering the capacitor 10) and the breakdown voltage 

10 is 40 V (as opposed to 30 V without the second intercon- 
nect 17 covering the capacitor 10). Thus, the structure 
according to the third example of the present invention 
further improves the remnant polarization by 4 pC/cm^ and 
the breakdown voltage by 10 V, as compared to the struc- 

15 ture according to the first example of the present 
invention. 

In the third example, a second interconnect 17 
completely covers the entire capacitor 10. Alternative- 

20 ly, the second interconnect 17 can be formed to cover at 

least a part of the capacitor 10, whereby the same effect 
still being obtained. Figure 8A is a plan view of a part 
of the semiconductor device 300 obtained by the step 
shown in Figure 6E, the part including the capacitor 10. 

25 A second interconnect 17 completely covers the entire 
capacitor 10 in Figure 8A. Alternatively, the second 
interconnect 17 can be provided in a substantially zigzag 
pattern as shown in Figure 8B, or in a mesh pattern as 
shown in Figure SC. 



30 



Two or all of the first through third examples 
can be combined. 
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In -the above-described examples, the passivation 
layer 18 is formed of silicon nitride. Alternatively, a 
laminate including silicon oxide and silicon nitride can 
be used, in which case the characteristics of the capaci- 
5 tor 10 are further improved. The laminate including 
silicon oxide and silicon nitride is formed in the 
following manner. A silicon oxide film is formed so as 
to have a tensile stress, and a silicon nitride film 
generally having a large compressive stress is formed 
10 thereon. Thus, the stress applied to the passivation 
layer 18 is entirely counteracted. Accordingly, the 
capacitor 10 is not influenced by the stress. 

The laminate including silicon oxide and silicon 
15 nitride as the passivation layer 18 can be formed by 
normal-pressure CVD, low-pressure CVD or plasma CVD, 
using silane gas. The laminate can also be produced by 
forming a silicon oxide film, which is obtained using 
ozone TEOS, by normal-pressure CVD or low-pressure CVD 
20 and then forming a silicon nitride film thereon by plasma 

CVD. 

Figure 9 is a graph illustrating the characteris- 
tics (remnant polarization and breakdown voltage) of the 

25 capacitor 10 including a dielectric film 8 formed of 
SrBi2Ta209, in the case where a passivation layer 18 is 
formed of a single layer of silicon nitride, and in the 
case where a passivation layer 18 is formed of a laminate 
including silicon oxide and silicon nitride. For mea- 

30 surement, the passivation layer 18 formed of a single 
layer of silicon nitride is produced to have a thickness 
of 0.8 pm by plasma CVD. The passivation layer 18 formed 
of a laminate including silicon oxide and silicon nitride 
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is produced by forming a silicon oxide film having a 
thickness of 0.1 pm by normal-pressure CVD and then 
forming a silicon nitride film having a thickness of 
0.8 pm thereon by plasma CVD. The methods and conditions 
for measuring the remnant polarization and breakdown 
voltage are the same as those in the first example. 

The following can be seen from Figure 9. In the 
case where the passivation layer 18 is formed of a 
laminate including silicon oxide and silicon nitride, the 
breakdown voltage is 40 V (as opposed to 30 V). The 
remnant polarization is the same as in the case where the 
passivation layer 18 is formed of a single layer of 
silicon nitride. Thus, the use of a laminate including 
silicon oxide and silicon nitride as the passivation 
layer 18 further improves the breakdown voltage by 10 V, 
as compared to the structure according to the first 
example of the present invention. 

The passivation layer 18 formed of a laminate 

including silicon oxide and silicon nitride can be 

combined with any structure described in the first 
through third examples. 

In the first through third examples, the first 
interlayer insulating film 111 is formed of an ozone TEGS 
film. Alternatively, the first interlayer insulating 
film 111 can be formed of a silicon oxide film produced 
by normal-pressure CVD or low-pressure CVD using silane 
or disilane, or a silicon oxide film produced in this 
manner and further treated by phosphorus doping. 
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In the first through third examples, the first 
interconnect 14 is formed of a laminate including titani- 
um, titanium nitride, aluminum and titanium nitride. 
Alternatively, the first interconnect 14 can be formed of 
a laminate including titanium, titanium nitride and 
aluminum; a laminate including titanium, titanium tung- 
sten, aluminum and titanium tungsten; or a laminate 
including titanium, titanium tungsten and aluminum. 

The ozone TEOS film forming the second interlayer 
insulating film 151 preferably has a Si-OH bond absorp- 
tion coefficient of 800 cm"^ or less at a wavelength 
corresponding to 3450 cm"^. When the moisture content in 
the ozone TEOS film is thus reduced as low as possible, 
moisture which deteriorates the characteristics of the 
capacitor 10, especially OH radicals and H radicals, is 
restricted from entering the capacitor 10* Thus, genera- 
tion of cracks by thermal treatment after the film 
formation is suppressed. Accordingly, the characteris- 
tics of the capacitor 10 are further improved. 

The ozone TEOS film forming the second interlayer 
insulating film 151 preferably has a tensile stress of 
1 X 10"^ dyn/cm^ to 3 x 10^ dyn/cm^ inclusive. Due to such 
a tensile stress, adverse effects on the capacitor (e.g., 
undesirable restriction of polarization) caused by the 
stress applied to the capacitor are alleviated. Thus, 
the characteristics of the capacitor 10 are improved. A 
stress outside the above-mentioned range tends to cause 
the characteristics of the capacitor 10 to be deterio- 
rated. 
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This effect largely relies on the fact that the 
stress is a tensile stress. A capacitor which is sup- 
plied with a tensile stress, e.g., from an ozone TEOS 
film has more preferable characteristics than a capacitor 
5 which is supplied with a compressive stress, e.g., from 
a plasma TEOS film, even when the absolute values of the 
stresses are equal. 

The ozone TEOS film has a tensile stress presum- 
10 ably for the following reason. Upon the film formation, 
TEOS gas and ozone reacts on the substrate surface to 
form silicon oxide while a volume is reduced. In other 
words, a volume of the resultant silicon oxide (i.e., the 
resultant ozone TEOS film) becomes smaller than the sum 
15 of volumes of the involved TEOS gas and ozone. Further- 
more, the subsequent thermal treatment causes the resul- 
tant ozone TEOS film to become more dense, thereby 
further constricting the film. Thus, the ozone TEOS film 
has a tensile stress, and accordingly, a tensile stress 
20 acts on the dielectric film 8 of the capacitor 10 provid- 

ed below the ozone TEOS film. 

On the other hand, a plasma TEOS film has a com- 
pressive stress presumably for the following reason. In 

25 this case, silicon oxide in the form of solid particles 
formed in the gas phase are deposited, and thus, a volume 
reduction does not occur. Furthermore, the solid silicon 
oxide particles tend to densely deposit, and further 
expand. Accordingly, a plasma TEOS film has a compres- 

30 sive stress. It is presumed that, when the compressive 
stress acts on the dielectric film 8 of the capacitor 10, 
generation of polarization in a direction connecting the 
upper electrode 9 and the lower electrode 7 (i.e., a 
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direction perpendicular to the substrate) is restricted, 
as a result of which the characteristics of the capacitor 
10 are deteriorated. 

The thickness of the ozone TEOS film forming the 
second interlayer insulating film 151 is preferably 
between 0.3 pm to 1 pm inclusive. When the thickness 
exceeds 1 pm, the stress of the ozone TEOS film increas- 
es. The increased thickness may disadvantageously 
deteriorates the characteristics of the capacitor 10, and 
also tends to generate cracks when the first thermal 
treatment is performed as a part of post-treatment. When 
the thickness of the ozone TEOS film is less than 0.3 pm, 
sufficient step coverage is not obtained, and treatment 
of the ozone TEOS film may disadvantageously generate 
etching residues. 

The ozone concentration upon forming the ozone 
TEOS film as the second interlayer insulating film 151 is 
preferably 5.5% or more. When the ozone concentration is 
set to such a range, the stress included in the ozone 
TEOS film is alleviated, and generation of cracks by 
thermal treatment is restricted. Accordingly, the 
characteristics of the capacitor 10 are further improved. 

In the first to third examples, the temperature 
for the first thermal treatment is 45CC. The tempera- 
ture can be in the range of 300 °C to 450 °C inclusive. 
When the temperature is in this range, the silicon oxide 
film produced using ozone TEOS becomes dense. Thus, the 
characteristics of the capacitor 10 are further improved. 
Furthermore, the first thermal treatment can be performed 
in a mixed gas atmosphere of oxygen and another gas in 
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lieu of the oxygen atmosphere. When the mixed gas atmo- 
sphere is used, oxygen is supplied to the dielectric film 
8, and thus, the characteristics of the capacitor 10 are 
further improved. 

5 

After the first thermal treatment, it is prefera- 
ble that the ozone TEOS film forming the second interl- 
ayer insulating film 151 has a tensile stress of 1 x 
10^ dyn/cm^ to 2 x 10^ dyn/cm^ inclusive. When the stress 

10 in the ozone TEOS film (second interlayer insulating film 
151) is in the above-mentioned range even after the 
volume reduction of the ozone TEOS film ( second interl- 
ayer insulating film 151) occurs due to the thermal 
treatment, the stress acting on the capacitor 10 is 

15 alleviated and thus deterioration in the characteristics 
of the capacitor 10 is restricted. 



In the first through third examples, the second 
interconnect 17 is formed of a laminate including titani- 
20 um, aluminum and titanium nitride. Alternatively, second 

interconnect 17 can be formed of a laminate including 
titanium and aluminum or a laminate including titanium, 
aluminum, titanium tungsten. The same effects are 
obtained. 

25 

In the first through third examples, the tempera- 
ture for the second thermal treatment is 400 ""C. The 
temperature can be in the range of 300 °C to 450 °C inclu- 
sive. When the temperature is in this range, the stress 
30 of the second interconnect 17 is alleviated while the 
second interconnect 17 becomes dense. The second thermal 
treatment can be performed in an argon atmosphere, a 
helium atmosphere, or a mixed gas atmosphere of nitrogen 
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and these gases in lieu of the nitrogen atmosphere. The 
same effects of obtaining the dense second interconnect 
17 and alleviating the stress thereof are obtained. 

5 As described above, according to the present 

invention, the stress acting on the capacitor is allevi- 
ated. Furthermore, since the stress is a tensile stress, 
the deterioration in the characteristics of the capacitor 
caused by the stress is restricted, and thus the capaci- 
10 tor obtains satisfactory characteristics. A semiconduc- 
tor including such a capacitor enjoys excellent reliabil- 
ity even when having a multiple-interconnect structure. 

Various other modifications will be apparent to 
15 and can be readily made by those skilled in the art 
without departing from the scope and spirit of this 
invention. Accordingly, it is not intended that the 
scope of the claims appended hereto be limited to the 
description as set forth herein, but rather that the 
20 claims be broadly construed. 



